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Nightglow Spectral Line Shapes of Oxygen A6300 and A5577 Radiation”

Manfred A. Biondi and Walter A. Feibelman
Physics Department
University of Pittsburgh

Pittsburgh, Pa.

Abstract

A pressure-tuned Fabry-Perot interferometer employing photoelectric
detection has been used to measure the oxygen A6300 and A55T7T spectral
line profiles during twilight and the night at the Airglow Observatory on
Laurel Mountain, Pennsylvania. The inferred O(lD) atom temperatures,
ranging from ~ 600 - 1600°K, are compared with the predicted temperature
variations using empirical models pelating solar activity to exospheric
heating, and agreement is found on some nights, while substantial dis-
crepancies (~U400°K) are found on others. No evidence for a dissociative
origin of the 1p or ls oxygen atoms has been detected in the line profiles
ébtained to date; however, there is & possible indication of F-layer wind

velocities of ~L00 m/s.

*Phis research was supported, in part, by the National Science Foundation,

”Atmospheric Sciences Division (Aeronomy), GP-4435, and the Office of Naval

Research, Nonr-62u4(13).



I. Introduction

The present experimental investigation was undertaken in an attempt
to clarify the nature of the excitation mechanisms for production of O(3D)
atoms in the 1on05phere(l’ 2) by studying the spectral line profiles of the
emitted A6300 radiation. In particular, one proposed source of the night-
glow A6300 red line is dissociative recombination occurring in the F-layer

with a coefficient @ ~ 2 x 1077 cm3/sec(5) according to the reaction,

0*(1D) + 0(°P) + E4
05 + e = (03)unstable o*(1) + 0*(*p) + B4 (1)

o*('p) + o*(¥s) + E";
where, as a result of the potential energy released in the reaction, the two
oxygen atoms share the kinetic energy of dissociation, Ed° If the 02+ icns
are in thelr ground electronic and vibrational states, then Ed = 5.0 €V,
E'd = 3.1 eV, and Ed" = 0.8 eV. {If the corresponding reaction using No*
ions in place of 02+ occurs, then Ed'”‘2= 0.8 eV, providing the 0%(1D) atoms
with very little kinetic energy, when the No* ion is in its ground state.)
One may therefore hope to verify the dissociative nature of the b*(lD)
production by detecting the kinetic energy imparted to the 1D atom by the
reaction. Our conclusion that this is & reasonable possibility is based on
estimates of the rates of the relevant atomic collision processes governing
quenching and slowing of the excited atoms, as well as excitation transfer
to the ambient 3P ground state oxygen atoms. We also have been encouraged
by the results of laboratory afterglow studies, in which dissociation kinetic
energy was successfully detected(h’ 5) in the radiation from excited neon
and argon atoms produced by dissociative recombination of electrons with

+ +
and A ions.
Nea ‘ r2 n



In the present experiment the kinetic energy of the excited lD and
lS oxygen atoms &t the instant they radiate is studied by measuring the
spectral line shapes of the emitted radiations with & photoelectric-recording,
scanning Fabry-Perot interferometer of high sensitivity(6’ 7). In this respect,
the measurements are somewhat similar to those reported by Jarrett and Hoey(8),
although our techniques and conclusions differ from theirs in a number of
points.

In the next sections we discuss the relevant atomic collision pro-
cesses governing the production and destruction of the excited 0 atoms and
consider the possible spectral line shapes which result when the atoms radiate.
We then describe the experimental techniques used in the nightglow line shape
determinations. Finally, we present the results of the measurements and
compare them with predictions of ionospheric models relating such quantities

as solar activity to ionospheric temperature.

II. Atomic Collision Processes Affectin§7k6300 and A5577 Emission

We are concerned not so much with those processes which determine
the intensity of the oxygen nightglow radiations as with those which yield
the velocity distributions of the excited atoms at the instant they radiate.
As noted in the introduction, & principal source of nightglow A6300 radia-
tion is thought to be dissociative recombination, reaction (1), of 02+ ions
and electrons(l). Although recombination of NO* ions with electrons
energetically can lead to 1p oxygen atom production, difficulty with spin
conservation in going from the xlzt state of NOt to the lD oxygen and hS
nitrogen atom sta;es may exclude such lD production(9); there is, however,
no direct evidence against this process.

A second source of lD oxygen atoms which probably contributes during

twilight is dissociative photoexcitation of neutral oxygen molecules which
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leads to the Schumann-Runge absorption continuum below 1TU0A and leaves one

of the oxygen atoms in the 1D excited state, i.e.

o, + v = o('D) + 0(’P) + B, . (2)
A similar reaction may lead to production of O(lS) atoms (10, 11),

A third potential source of lD oxygen atoms during & portion of the
night is impact excitation of p oxygen atoms by a "hot" electron gas pro-
duced by energetic photoelectrons from the conjugate poilnt, when that point

remains in sunlight well after local sunset(lz). Thus, the reaction,
ep + 0(3P) > e  + 0('D) , (3)

where the subscripts f and s refer to fast and slow electrons, respectively,
will produce O(lD) atoms moving with essentially the ambient neutral atom
temperature.

Reaction (1) may also lead to O(lS) production. (Here recombination
of electrons with NOt ions in their ground vibrational state does not have
sufficient energy to populate the O(ls) state.) However, the A5577 night-
glow radiation, which emanates chiefly from E-layer altitudes, also may
result from production of %lS .atoms in 3-body neutral atom recombination
reactions involving O atomé, Here, analagous reactions for production of
O(;D) atoms may occur. Since the three-body reactions are significant only
in the higher density, lower altitude regions, quenching of the long-lived
states may occur before radiation, and in fact, probably accounts for the
lack of red-line radiation from the E-region.

Quenching may lead to destruction of the metastable lS('rrad = 0.Th

sec) and lD(Trad = 110 sec) oxygen states by reactions such &s,

o*(1p) + N, > o(°p) + Né* , (%)



where the excitation of the nitrogen molecule is probably in vibrational
modes. Apparently reaction (4) exhibits & coefficient, Bquench ™ 2 X 10"
cmﬁ/s(lj), in which case quenching would compete with radiation from the lD
state up to altitudes of ~ 250 km. Also, laboratory studies(lh) of afterglow
red line intensities suggest fast quenching of lD oxygen by O2 molecules

B > 10”11 em®/s). As we shall see, while quenching reactions may play an
important role in determining the intensity of the radiation emitted, they
do not affect the shape of the spectral line.

If fast excited atoms are produced by an electron-ion or atom-atom
recombination reaction, one may still find an emitted line shape characteristic
of the ambient gas temperature if ordinary recoil collisions with ambient
atoms and molecules slow the fast excited atoms before they radiate. Since
momentum transfer collision cross sections of ~10-15 cm? are to be expected,
at E-layer altitudes even the shorter-lived 15 atoms would be "thermalized"
by collisions before radiation could occur. In the case of the ip atoms,
ambient densities above ~ 300 km are sufficiently small ( < 109 cm'3) that
radiation beforé slowing may occur at these altitudes.

Finally, excitation transfer according to reactionsof the form

ok(*p) + 0,’r) > 0.%P) + 03('D) (5)

vhere the subscripts f and s refer to fast and slow atoms, respectively,

may lead to loss of excitation by the fast atoms before they can radiate.
Cross-sections for such resonant processes may be very large, although in
several laboratory recombination studies involving excited states of neon

and argon, cross-sections of only ~10-15 cm® have been inferred from the
measurements(h’ 5)° Only if the resonant excitation transfer cross-section

is reasonably small will fast lD oxygen atoms - with thelir 110 sec. lifetime -

radiate before losing their excitation to slow O atoms in the F-region.



III. Possible Spectral Line Shapes

A. Thermal Doppler Line

The simplest line shape occurs when the excited atoms move with
a veloclty distribution characteristic of the ambient neutral temperature
at the instant they radiate. In this case a gaussian profile of the type
illustrated by the solid curve in Fig. 1(a) is to be expected for the emission
of the A6300 line by 1D atoms (here, at a temperature of 950°K). The emitted
line shape is unaffected by the lD excited atoms undergoing momentum transfer,
excitation transfer, or quenching collisions. Momentum transfer collisions
only maintain the lD atoms at the ambient neutral temperature, excitation

Sp oxygen atoms having the same (ambient)}

transfer leads to excitation of
temperature, while those lD atoms which are quenched do not radiate at all.
The dashed curve indicates the predicted effect on the line shape of instru-

mental broadening for & finesse, N = 8.1 (see Sec. V).

B. Simple Dissociative Line Shape

In the cases of production of 1p (or lS) atoms by dissociative
recombination of 02+ ions and electrons and by dissociative photoexcitation
of 0, by UV photons, rather peculiar line shapes are to be expected. The
simplest case to discuss involves dissociative recombination production of
the excited atoms.

Let us assume that the 02+ ions have a kinetic temperature egual
to the ambient neutral temperature. If the recombination process proceeds
from a particular (say v = o) vibrational state of the ion and involves
capture of slow electrons, then, for & given branch in reaction (1), all of
the 1D atoms acquire a single speed, vy, proportionsl to (Ed)l/e, as they
are repelled from the center of mass. Since, relative to an observer, all

directions of dissociation are equally probable, the dissociation velocity

vectors lie on the surface of & sphere, and it is a simple problem in geometry



to show that in the observor's (z) direction there is a uniform probability
of finding a component of velocity vz from - V4 to + Ve Thus one expects

a similar flat topped emission line shape over the frequency interval

vo(1 - vg/e) to vo(L + vg/c). When the thermal motion of the O," ion (center
of mass) is considered, the predicted dissociative recombination line profile

is given by (¥, 15)
I(V) = (a/hb)[ erf(aV + b) - erf(av - b)] s (6)

vhere a = (M.c‘?'/kT)l/z/v0 and b = (Ed/kT)l/2; v and 70 are the frequencies

(in wave numbers), the subscript o referring to the line center, and M is
the mass of the O atom. The predicted line shape is illustrated in Fig. l(b)
for the case of Ed' = 3.1 eV [the middle branch of reaction (l)] and

T = 950°K. The dashed line indicates the effect of instrumental broadening
on the observed line shape. If the several branches of reaction (1) all
have a significant probability of occurrence, the line shape emitted would
be expected to be a composite, involving superposition of the several widths
corresponding to the different values of Eg-

The case of dissociative photoexcitation leads to a smearing of the
simple profile described above, inasmuch as the Franck-Condon overlap region
between the 05 ground state and the repulsive branches of the excited 02
molecule curves leads to absorption of photons of various energies and there-
fore to a continuum of E4 values over a certain energy range. However;, since
there may still be some minimum value of Ey imparted to the atoms (depending
on the details of the repulsive potential curve), the emitted line may
retain some of the characteristic "flat-topped" shape.

If the excited states with which we are dealing had sufficiently

short radiative lifetimes, the atoms would radiate while they retained their
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speed and excitation and thus the line shapes would be expected to exhibit
the dissociative "signature". However, only under the most favorable
circumstences can we hope to meet the required conditions, inasmuch as
momentum transfer and excitation transfer cross sections as small as 10717
cm? still permit collisional slowing of and loss of excitation by fast lD
atoms before radiation at altitudes below 300 km. In these circumstances,
thermal doppler line shapes at the ambient temperature would be noted, in
spite of the fact that the atoms had been dissociatively produced.

The effect of a single momentum transfer collision on an idealized
dissociative recombination line profile has been calculated(h) and is shown
in Fig. 1(c). Evidently if the dissociatively produced excited atoms undergo
a few momentum transfer collisions before radiation,the wings of the line
appear more or less gaussian, while the line center retains a more flat-

topped character.

C. Effects of Gross Motions of the Ionosphere

If the atmosphere containing the excited atoms exhibits some gross
motion with respect to a fixed observor, e.g. as a result of the presence
of winds, then the emitted lines will exhibit a frequency shift proportional
to the compcnent of wind velocity in the observor's direction. However,
the Fabry-Perot interferometer used to determine the spectral line shapes
does not readily permit precise absolute frequency determinations, and so
such small shifts might go unnoticed. On the other hand, if the wind
velocity components change markedly in passing through the emitting region,
as a result of shear or velocity gradients, a slightly non-gaussion line,
in some cases skew in shape about the line center, may be observed. This

point is discussed further in analyzing the measurements (see Sec. V).



IV. Experimental Apparatus

The shapes of the A6300 and A5577 spectral lines are determined by
means of a pressure-scanning Fabry-Perot interferometer(6’ 7) employing
photomultiplier detection and operating in either an output current or pulse
counting mode. A simplified diagram of the apparatus is shown in Fig. 2.
The large aperture (7.5 cm D) Fabry-Perot plates are mounted in an Invar
frame, separated by & three-point Inver spacer (typically 7 mm in length).
The plates are flat to A/30 of Na D radiation and are coated with multi-
layer dielectric reflecting films giving reflectivities, R = 86%, 83%, and
81% at A6300, A55TT, and A5460 (calibrating Hg green line), respectively.
The plates are enclosed in a pressure-tight, thermally insulsated housing
to permit variation of the index of refraction between the plates by con-
trolled introduction of argon gas from a high pressure tank via an adjustable
precision needle valve. The interference fringes are imaged by an aspheri-
cally corrected achromat (focal length = 49.0 cm) output lens onto a plate
containing an aperture (0.229 cm D.) which is adjusted to coincide with the
center of the fringes and thus pass a portion of the central spot to the
detecting photomultiplier (E.M.I. type 9558 A). Thus, the photomultiplier
output is proportional to the intensity of radiation having a wavelength

given by the condition for comnstructive interference at the center of the

pattern,
KCenter = 2ut/n > (7)
where hcenter is the wavelength measured in vacuum, p is the index of

refraction of the medium between the F-P plates, t is the plate spacing and
n the interference order. Since the needle valve introduces gas from the
high pressure tank to the housing at a constant rate, the wavelength (or

frequency) of the radiation at the central spot changes linearly with time.
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In order to reduce "noise", the photomultiplier is cooled to tempera-
tures between 0°C and -80°C by means of dry ice inside an insulating housing.
A further reduction in dark current pulses is obtained by use of a magnetic
diverging lens(l6) which reduces the effective photocathode surface from its
diameter of 5 cm to ~ Ut mm by allowing multiplication down the tube only of
those photoelectrons released from a small central spot on the photocathode.
Tn this manner dark currents of ~k4 x 10-13 amp. are obtained at the rated
multiplier gain.

The desired oxygen line is separated from the rest of the airgiow
raediation by means of a 9& half-width interference filter mounted ahead of
the pressure housing. The entrance plate glass window to the housing is
mounted at an angle so that a few percent of the radiation transmitted by the
filter is reflected into & monitor photomultiplier. The portion of the sky
observed by the instrument is controlled by & mirror, movable in azimuth and
angle of elevation, mounted on top of the observatory. Calibration of the
Fabry-Perot instrument'’s overall finesse is obtained by introducing radiation
from an r-f excited isotopic mercury source so that 1t uniformly illuminates
the full aperture of the instrument.

The apparatus is operated in two modes, as illustrated in Fig. 3.

In the output current mode, the needle valve in Fig. 2 is adjusted so that
argon gas is introduced into the Fabry-Perot housing at a rate which causes

a line profile to be traced every ~ 10 min. (Each time the index of
refraction increases sufficiently, the interference order increases by 1

and the line pattern repeats.) The output current is fed to an RC integrating
network adjusted to reduce noise fluctuations without seriously distorting
the line profile tracing. The output of the integrator is fed to a Keithley
Type 600A electrometer whose output drives the y-axis of a chart recorder.

(A second channel in this recorder is driven by the monitor photomultiplier
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output.) The x-axis of the chart is driven by a synchronous motor so that
the chart record is effectively & linear presentation of I vs A or v.

Improved signal averaging, without distortion of the line shape,
has been obtained by operating in & pulse counting mode and adjusting the
needle valve to tune the interferometer through one interference order in

~ 1 min. A cyclical pressure scan is introduced by use of a 1 r.p.m.
synchronous motor (s.m.) which opens a fast pressure release valve once a
minute. The pulses from the photomultiplier are fed through & preamplifier
to the amplifier and discriminator section of a TMC Model 102 Multichannel
Analyzer, which is set to advance channels at the rate of 1 per sec,
starting at the instant the fast release valve closes (tripping a micro-
switch) and stopping when the valve opens 57 sec later. In this manner
the spectral line is scanned once & minute and as many scans as desired can
be accumulated in the memory of the multichannel analyzer. Readout of the
stored data is made in analogue form on & strip chart recorder and in
digital form on a printer.

In order to evaluate the performance of the Fabry-Perot etalon and
to analyze the experimentally observed line profiles, computations have been
made(l7) of the expected line contours taking into account the figuring of
the plates (assuming spherical departure from flatness), the reflection
coefficient of the dielectric films, and the finite aperture in the image
plene. For our apparatus observing the isotopic Hg A5460 line, an overall
finesse, N (equal to the free spectral range divided by the width at half
intensity), of 9.06 is predicted, in agreement with the measured value,
under optimum adjustment, of 9.0 obtained during 1966 observations. The
apparatus was dissassembled for modification during January-April 1967,
and since that time the best instrumental finesse achieved has been 8.1.

The predicted instrumental line shapes for both the finesse 9.0 and 8.1



agree quite well with the measured shapes using the isotopic Hg calibrating

source.

V. Results and Discussion

Studies of the nightglow line shapes have been carried out at the
University of Pittsburgh's Airglow Observatory atop Laurel Ridge (elevation
2700 ft., 79° 10' W. Long., 40° 10' N. Lat.) approximately 50 miles southeast
of Pittsburgh, Pennsylvania. The results of the observations to date reveal
the following:

(&) In no case is any evidence found for a dissociative line

shape in A6300C.

(b) Most of the A6300 line profiles have thermal doppler shepes,
from which we have obtained the temperature of the 0(1D) atoms
a8 & function of time after sunset.

(c) There is the possibility, in one set of observations, that
wind shear effects have been detected, in that slight frequency
shifts and asymmetrical line shapes have been noted.

(d) Green line (AS5577) temperatures are rather poorly determined
with the present, moderate finesse apparatus.

We shall now discuss these various observations in detail.

An example of the observed A6300 line profile on & "hot" night is
shown in Fig. 4. In most of these observations the line of sight of the
instrument has been in the sunset direction, W to NW, and at an elevation
angle between 25° and 30°. It will be seen that the data fall quite well
on the predicted profile for & doppler line at a temperature T = 1580°K
convoluted with the instrumental function for the measured finesse,

Ngg = 8.1. The I-shaped symbols indicate the statistical fluctuations,

t'JE, where ¢ is the number of counts in a given channel, which are to be
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expected in the data. In view of the uncertainties in the data, the derived
temperature in this case is probably accurate to better than * 100°K.

Some examples of the variation of o(lD) atom temperature with time,
deduced from the A6300 line widths, are shown in Figs. 5-8. It is assumed
that the bulk of the nightglow A6300 radiation emanates from heights 2 200 km(l)
and so provides a direct determination of the ambient neutral temperature
above the thermopause. The maximum uncertainty in the temperatures deduced
from the line widths is estimated to be ~ (¥ 150)°Kk, the minimum ~ (¥ 50)°K.
In all cases the data shown indicate either an essentially constant or a
slowly falling ( ~50°K/hr) temperature until late in the night { ~03:00).
The lines in the figures are the predictions of the analysis of Jacchia(le),
who established a correlation between solar decimeter flux and geomagnetic
activity and the exospheric temperature deduced from satellite drag. These
"theoretical" lines represent the temperature predicted using only the
decimeter flux (FlOOT) in Jacchia's analysis. The additional temperature
rise due to geomagnetic activity(ls ) (Kb indices) is found to be small
( 8 50°K) for those nights for which the indices are currently available
and therefore has been omitted from the curves.

It will be seen that on June 1 and August 29/509 1967 the Jacchia
model predicts the observed temperatures quite well, and in addition predicts
the observed trend to higher temperatures between Mgy 18 and June 1, 1967.
However, a rather stronger decrease in exospheric temperature was noted
between June 5-6 and June 27 ( ~ 400°K) than is predicted from Jacchia's
model ( < 100°K).

In the fall of 1966 the exospheric temperatures were found to be
lower ( S 900°K) than in the spring and summer of 1967, in accordsnce with
the predictions of the model. Further, the model predicted substantially

the same temperature for Oct. 20 and Nov. 15/16, in agreement with the
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observations, although the model temperature was a/150°K higher than the
observed. However, the predicted temperature for Oct. 12 was within 20°K

of the values for Oct. 20 and Nov. 15/16, while the measurements indicated
that it was substantially ( ~/300°K) lower. Thus, on occasion, we cbserve

F layer temperatures which differ substantially from the predicted exospheric
temperatures derived from solar activity.

The predicted diurnsl variation of exospheric temperature was confirmed,
within experimental error, by our observations of Aug. 29/30, 1967, the data
indicating a gradual temperature fall to late night, followed by a slow
rise toward morning (see Fig. 8). The only serious anomaly in these data
occurred at 00:54, when a higher temperature was deduced from s rather poorer
line shape (note the error bar). We mention this ancmaly because there has
been a preliminary report of a similar sudden, late night temperature increase
deduced from radar measurements of Thomson scattering(l9>o

Finally, & rather interesting set of XA300 line profiles, which were
obtained on Nov. 13, 1966, is shown in Fig. 9. The firet profile, obtained
by accumulating seven one minute scans centered at 17:3% lotal solar time,
shows the sloping backgrcund of the darkening sky, but the line is otherwise
symmetrical. This is confirmed by the 1% scans centered at 17:50, which
yield a symmetrical line on & uniform "dark sky” background. Both profiles
have the same center frequency (at the eguivalent channel number 37 1/2 of
the multichannel memory). The next three profiles exhibit both & center
frequency shift and a slight asymmetry in shape. The first, obtained with
6 scans centered at 18:18, has an anomalously high counting rate, ~ 220 counts/s,
at peak intensity compared to ~70 counts/s at 17:50 and 40 counts/s at 18:3k.
However, even if we ignore this profile, those obtained at 18:34% (7 scans)
and at 18:58 (23 scans) exhibit slight center frequency shifts and asymmetries,

vhile yielding more normal photon counting rates. (The dashed lines indicate
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the folded, symmetrical continuation of the left hand sides of the curves.)
The center frequency shift requires a velocity toward the observor (i.e. to
the east) of ~ 400 m/sy while the asymmetry requires that a substantial
wind shear or velocity gradient occur through the emitting F-layer, so that
a part of the emitting region exhibits no proncunced motion with respect to
the observor. There are some indicationsthat F layer wind velocities of this
magnitude are possible(ao)o On one occasion (March 5, 19650) Blamont and
Baquette(zo) observed a sharply increasing wind velocity with increasing
altitude, a value ~ 200 m/s being recorded at the highest altitude for
which measurements were obtained (170 km). In eddition, a strong velocity
gradient, ~ L m/s per km; was noted between 130 and 170 km.

At the present time, our observations of green line (A5577) profiles
are not sufficiently accurate tc¢c yield reliable temperature determinations,
owing to insufficient instrumental finesse (N~8-9). The resulis of analysis
of the few observations which yielded gocd line profiles are summarized in
Table I. There was noticeable auﬁomal activity visibie in the northern sky
on the night of Nov. 15, 1966, which faded as the night progressed. Thus,
the observation of temperatures of k80 and 37C°K when looking into the active
zone and of 200°K when locking st the ordinary nightglow are consistent with
otherdeterminations of the nightglow(glj and auroral(gz) green line tempere-

tures.

VI. Conclusions

Up to the present we have been unable to detect evidence for the
dissociative production of O(ID} atoms in the measured A6300 line profiles.
(In all cases, the line shapes are consistent with & thermal doppler shape
or exhibit a skewness which may arise from wind effects.) This is not to
be taken as evidence against such a dissociative origin, since collisional

slowing of and excitatiocn transfer by the dissocistively produced stoms are



Table I Green line (A5577) temperatures on Nov. 15/16, 1966

(observations at 30° elevation angle)

local solar time observing direction Temperature (°K)
19:45 W 200 * Lo
20:00 W 200 ¥ uo
20:15 N 480 * 50
02530 N 370 ¥ 50
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expected to lead to profiles which are nearly gaussiasn, except under unusually
favorable conditions.

We are currently fabricating a larger (10 cm aperture) Fabry-Perot
etalon desigxied to provide greatly improved overall finesse (N 2 25) in
order to examine in more detail the structures of the A6300 and A5577 line
profiles. In this way we hope to be able to detect smaller remnants of the
dissociative "signature" in the presence of a large thermal doppler core.

In addition, more precise center frequency determinations will permit us to
establish whether or not gross motions due to wind are occurring in the
emitting layers of the upper atmosphere.

The improved instrument should also reduce our errors in the exo-
spheric temperature measurements and so permit more meaningful determinations
of temperature variation during the night. At the present time it appears
that the empirical models(ls’ 23, 2k) of the exospheric temperature (based
on analysis of satellite drag data in terms of atmospheric heating due to
solar activity) do not fully explain the F layer temperatures deduced from
the A6300 line width determinations, both in the present work, and in that
of Jarrett and Hoey(8),

In order to provide simultaneous F-layer temperature determinations
by more than one method, coordinated measurements of A6300 line widths and
radar Thomson scattering(25) are planned. In this way it will be possible
to compare the directly determined excited atom temperatures with the ambient
temperatures inferred from the F-layer electron and ion temperature deter-
minations of the radar backscatter method(25).

The authors are greatly indebted to Mr. R. Hake, who carried out the
computer line profile analyses and assisted with data taking. They also wish
to thank their colleagues, especially T. M. Donahue, for valuable discussions
of such subjects as ionospheric excitation processes and exgspheric tempera-

ture models.
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Figure Captions

Solid curves: Predicted A6300 line shapes showing doppler effects
due to thermal motion and dissociative recombination. Dashed curves:
Predicted effect on the line shape of instrumental broedening at a
finesse Ny, = 8.1 (see text for details).

Simplified diagram of pressure scanned Fabry-Perot interferometer.
Simplified block diagram of the overall apparatus used to obtain
spectral line shapes.

Observed A6300 line profile on June 5, 1967 compared to predicted
shape for an excited atom-temperature of the 1580°K and an instru-
mental finesse NHg = 8.1. The I-shaped symbols indicate the
expected statistical fluctuations in the data.

F-layer temperature vs local solar time inferred from A6300 line
widths on Oct. 12 and 20 and Nov. 15/16, 1966. The solid line
represents the predicted temperatures on those dates using the model
of Jacchia.

F-layer temperature vs local solar time on May 18 and June 1, 1967.
The error bars shown for the two points indicate the magnitude of
the uncertainty in the data for these two nights. The solid lines
represent the predictions of Jacchia's model.

F-layer temperature vs local solar time on June 5, 6, and 27, 1967.
The error bars shown apply to most of the data points. The solid
lines represent the predictions of Jacchia's model.

Observed F-layer temperature vs local solar time on Aug. 29/50, 1967
compared with the predictions of Jacchia's model. The open circle
labelled Z was taken pointing at the zenith. The estimated tempera-

ture errors for the data points are ~ t 50°K, with the exception
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of the three points with the error bars, which were somewhat less
certain.

A6300 line shapes observed on November 13, 1966, indicating possible
F-layer wind effects. The numbers inside circles indicate the number
of scans of the spectral line accumulated in the multi-channel

anelyzer's memory.
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